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Age-related change in episodic memory function is commonly reported in older adults. When detected on neuropsychological tests, it may still be difﬁ-
cult to distinguish normal from pathological changes. The present study investigates age-and sex-related changes in a group of healthy middle-aged and
older adults, participating in a three-wave study on cognitive aging. The California Verbal Learning test (CVLT-II) was used to assess their episodic
memory function. A cross-sectional analysis of results from the ﬁrst wave showed higher performance in females than males, with a steeper age-related
decline in males. This was conﬁrmed in a longitudinal analysis using a mixed effects regression model, but with a lower age-related change and smaller
difference between the sexes. Information about learning strategies and errors in the third wave turned out to contribute signiﬁcantly to explain change
in episodic memory function across the three waves. We argue that the results from the longitudinal analyses are generalizable to the population of
healthy middle-aged and older individuals, and that they could be useful in guiding clinicians when evaluating individuals with respect to cognitive
change.
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INTRODUCTION
Older adults frequently report changes in cognitive function,
very often with a concern about degenerative disorder. However,
the precise distinction between normal and pathological changes
in cognitive function may be obscure. Knowledge about charac-
teristics of normal cognitive aging and its inﬂuence on test
results are therefore essential to a clinical neuropsychologist.
This is clearly exempliﬁed when assessing episodic memory
function, where changes are known to represent one of the earliest
signs of a neurodegenerative disorder (e.g., B€ackman, Small &
Fratiglioni, 2001; Petersen, 2004; Twamley, Ropacki & Bondi,
2006). At the same time, episodic memory function is considered
to show age-related decline in healthy individuals, with cross-
sectional studies reporting a gradual decline with an onset that
may start as early as in the twenties (Salthouse, 2009; Zelinski &
Burnight, 1997). These ﬁndings are, however, nuanced by results
from longitudinal studies. Such studies have both reported a mark-
edly later age of onset of cognitive change and large individual
differences in developmental pathways (Nyberg, L€ovden, Riklund,
Lindenberger & B€ackman, 2012; Rønnlund, Nyberg, B€ackman &
Nilsson, 2005; Schaie, 2005), leaving some eighty year olds with
a function that is not different from what is shown by much youn-
ger individuals.
Tests with multiple learning trials are widely used to assess epi-
sodic memory function in elderly, and are among the most sensi-
tive measures when changes in memory function indicate
subsequent cognitive decline and dementia (Blacker, Lee,
Muzikansky et al., 2007; Kaltreider, Cicerello, Lacritz, Honig,
Rosenberg & Cullum, 2000; Rabin, Par, Saykin et al., 2009;
Tierney, Yao, Kiss & McDowell, 2005). This is due to
characteristics of these tests, involving complex processes of
memory function, including working memory, the ability to learn,
consolidate and recollect information. Several list-learning tests
have therefore been developed, providing information about dif-
ferent aspects of the memory process. Some tests include mea-
sures of higher-order cognitive functions, such as the ability to
organize information efﬁciently and correctly, functions that are
shown to be important mediators of encoding and recall (Davis,
Klebe, Guinther, Schroder, Cornwell & James, 2013). A main
strength of the California Verbal Learning Test (CVLT) (Delis,
Kramer, Kaplan & Ober, 2000) is its inclusion of measures of
learning strategy and errors in addition to more traditional mea-
sures of learning, recall and recognition, characteristics that
together have contributed to the test’s sensitivity to mild cognitive
change (Benedict & Zgaljardic, 1998; Greenaway, Lacritz, Bine-
gar, Weiner, Lipton & Munro Cullum, 2006; Lacritz, Cullum,
Weiner & Rosenberg, 2001; Rabin et al., 2009) and dementia
(Delis et al., 2000).
It has been shown that females tend to outperform males on
verbal tests of episodic memory function (Herlitz, Nilsson &
B€ackman, 1997). A recent study by Sunderaraman, Blumen,
DeMatteo, Apa and Cosentino (2013) indicated that superior recall
in females on CVLT is related to their higher semantic clustering
score. This sex difference has also been related to a less lateralized
brain function in females than males, but results from studies relat-
ing verbal function to brain areas have been conﬂicting (Wallen-
tin, 2009). Gender effects on cognitive function are obviously
modulated by several neurobiological factors (see Reinvang,
Winjevoll, Rootwelt & Espeseth, 2010b), emphasizing that sex
should be taken into account when evaluating age-related changes
in cognitive function.
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The present study investigates changes in episodic memory
function associated with normal aging. One obvious aim of stud-
ies on age-related changes is to obtain predictions that can be
generalized to the population under study. As stated previously,
predictions based on cross-sectional and longitudinal studies have
come to different conclusions, with the former underestimating
cognitive abilities in older age (Nyberg et al., 2012). However,
longitudinal studies are also challenged by several factors. In
addition to measurement errors and learning effects (Levine,
Svoboda, Hay, Winocur & Moscovitch, 2002; Salthouse, 2012),
longitudinal analyses commonly must take into account varying
time-spans between assessments of individual participants, inco-
mplete data sets and different correlation structures over time.
This makes it crucial to use a statistical procedure that can handle
these factors appropriately. Traditional linear regression models
fall short in this regard (Long, 2012), while they are much more
appropriately handled by mixed effects regression models
(Galecki & Burzykowski, 2013). Another important strength of
using mixed effects models is their ability to explicitly incorpo-
rate the effect of individual differences, and by this get more
reliable estimates of the variability in a population characterized
by cognitive heterogeneity.
The present study, including a sample of healthy middle-aged
and older adults, investigates age-related changes in episodic
memory function both cross-sectionally by using a standard
regression model and longitudinally by using a mixed effects
regression model. Episodic memory function was assessed by the
standard version of the second edition of CVLT (CVLT-II) in
three study waves with about three years apart. In the cross-
sectional analysis, including measures of learning, recall, recogni-
tion, the use of an active learning strategy and accuracy in
responses, we expected females to perform better than males,
with a steeper age-related decline in males. To minimize mea-
surement errors in the longitudinal analysis, we used a composite
memory score calculated from the measures of learning, recall
and recognition as a dependent variable. To control for the effect
of repeated testing, the effect of a second assessment was
included as an independent variable. From earlier studies we
expected that the longitudinal analysis would demonstrate a lower
age-related change than revealed in the cross-sectional analysis,
and that this lower change would be found in both sexes. When a
neuropsychologist uses CVLT-II to evaluate if an individual has
shown a decline in episodic memory function, performance
reﬂecting learning strategy and errors will commonly contribute
to the conclusion. We therefore extended the longitudinal analy-
sis by investigating how much information about these variables
from the third wave adds to the longitudinal estimate of change
in episodic memory function explained by age and sex.
METHODS
Sample
Healthy individuals were invited through advertisement to take part in
the ﬁrst wave of a longitudinal study on cognitive aging (N = 163). All
participants were examined according to an extensive neuropsychologi-
cal test protocol, including the Norwegian translation of CVLT-II
(Delis, Kramer, Kaplan & Ober, 2004) and a test of intellectual func-
tion. Subjects with a history of substance abuse, present neurologic or
psychiatric disorder, or other signiﬁcant medical conditions, were
excluded from the study. Based on neuropsychological test results, none
of the participants showed a mild cognitive impairment (MCI) as
deﬁned by Petersen (2004). Five participants were excluded from the
present study, three due to pathology detected at the following waves,
one due to an IQ < 80 and one due to missing data on the CVLT-II,
leaving 158 participants included in the cross-sectional analyses of the
data from the ﬁrst wave. All individuals from the ﬁrst wave were
invited to a follow-up study about three years after the ﬁrst examination
and to a third wave about three years after the second one. In the lon-
gitudinal analyses we included all individuals participating in at least
two waves (n = 126), of whom 103 participated in all three waves. The
analyses of the contribution of performance characteristics in explaining
change across the three waves were restricted to these 103 participants.
Information about age and intellectual function is presented separately
for males and females in Table 1.
Instruments
Intellectual function. First wave performances on two subtests from the
Norwegian translation of the Wechsler Abbreviated Scale of Intelligence
(WASI) (Wechsler, 2007), the Matrix Reasoning and Vocabulary sub-
tests, were used to estimate intellectual function (IQ). Performance was
scored and the full-scale IQ (FSIQ) estimated according to norms pre-
sented in the test-manual (Wechsler, 1999). The Matrix Reasoning sub-
test, included in all waves, showed stable age corrected T-scores over
time, (r = 0.65, p < 0.001), and a signiﬁcant correlation with the FSIQ
measure in the second (r = 0.85, p < 0.001) and third wave (r = 0.66,
p < 0.001). This stability indicates that the IQ measure from the ﬁrst
wave could be used as an estimate across all study waves.
California Verbal Learning Test. In CVLT-II (Delis et al., 2000) 16
words (List A), drawn from four semantic categories, are presented ﬁve
times. After each presentation the participant is asked to repeat as many
words as possible. Immediately after the ﬁfth trial, a new list (List B) is
read and the participant is asked to repeat as many words as possible. A
short delayed test (CVLT-SD) is presented immediately after recall of
List B, where the participant is asked to recall the words of List A, ﬁrst
without cues (free) and then with cues. This last procedure is repeated
after a delay of 20 minutes (CVLT-LD). Finally, a yes-no recognition
test is presented, including the 16 items from List A, the 16 from List B
and 16 random distractor items.
In the present study we included three main measures of episodic
memory function: the total number of correct words reported across
the ﬁve learning trials (Learning), a sum of words recalled on the free
versions of CVLT-SD and CVLT-LD (Recall), and the number of hits
Table 1. Means and standard deviations of demographic and CVLT-II
raw-scores for females and males (Wave 1)
Females
n = 106
Males
n = 52
Age 61.1 (7.6) 61.7 (8.3)
Education 13.8 (3.2) 13.4 (3.6)
IQ 114.0 (12.5) 115.5 (12.8)
Matrix Reasoning 58.1 (8.6) 59.9 (8.6)
Vocabulary 57.3 (8.2) 57.3 (8.8)
Learning 54.6 (9.5) 45.2 (10.5)
Recall 24.5 (5.3) 19.5 (6.1)
Recognition 15.0 (1.3) 14.7 (1.4)
cvltSumZ –0.71 (2.4) –1.7 (2.7)
Semantic clustering 1.76 (2.1) 0.94 (1.8)
Consistency 85.6 (8.3) 78.6 (9.9)
Primacy effect 29.4 (5.5) 31.1 (7.0)
Intrusions 5.1 (5.7) 5.7 (6.3)
False Positives 1.6 (2.0) 3.6 (3.6)
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on the recognition trial (Recognition). Three scores were included to
represent the learning strategy: Semantic clustering, deﬁned as the
number of correct list A items consecutively recalled from the same
category relative to the expected number based on chance; Consis-
tency, deﬁned as the percentage of items from Trial 1 to 4 that were
recalled on the next trial; and the Primacy effect, deﬁned as the per-
centage of items recalled from the primacy region for Trials 1-5.
Higher scores on each of these variables indicate an active learning
strategy. Two scores were used to represent accuracy: number of
Intrusions across all recall trials and the number of False positive
errors on the Recognition trial.
Statistics
All analyses were performed using R (version 3.0.1; R Development
Core Team, 2013). The impact of age, sex and the interaction between
the two (age: sex) were analyzed in a series of separate regression analy-
ses with scores on the selected CVLT-II measures as dependent vari-
ables. Signiﬁcant models were followed by hierarchical analyses to
investigate the contribution from the independent variables. The longitu-
dinal analyses were performed using a linear mixed effects regression
model (Galecki & Burzykowski, 2013), using the lme4 package (Bates,
Maechler & Bolker, 2013) to model the relationship between CVLT-II
performance and age-related change for females and males.
The linear mixed effects regression model included a composite
score representing episodic memory function as the dependent variable,
with retest effect (cvltRe), age, sex and the interaction between age
and sex as the sequence of independent variables. In addition to these
ﬁxed-effects terms, the model included a random intercept term. The
composite memory score cvltSumZ was deﬁned as the sum of z-trans-
formation of all values of the raw scores from the total learning trials
and the raw scores from the short and long free recall trials over all
waves from all subjects. The retest effect was accounted for in the
longitudinal model by including the time-varying factor cvltRe with
two levels as a predictor. Following the recommendation from Ferrer,
Salthouse, Stewart and Schwartz (2004), cvltRe was set to ‘no’ for
measurements from the ﬁrst wave, and to ‘yes’ for measurements from
the second and third wave. Thus, parameter estimates for other covari-
ates were adjusted for an additive practice effect, which we assumed
to occur mainly at the second testing, with the third testing adding no
additional learning beneﬁt. This strategy was successfully employed in
a recent longitudinal study on cognitive aging (Finkel, Reynolds,
Larsson, Gatz & Pedersen, 2011).
The Akaike information criterion (AIC) and the Bayesian informa-
tion criterion (BIC) were used to evaluate the most plausible model in
the set of models being tested (Long, 2012). In all subsequent
analyses the signiﬁcance of ﬁxed effect parameters were tested using
step-down model comparisons that started with the full model, then
sequentially dropped predictor terms. We report two-tailed p-values
resulting from partial F-tests with degrees of freedom estimated
according to the Kenward-Roger procedure as implemented in the R
package pbkrtest (Halekoh & Højsgaard, 2013). A similar procedure
was used to analyze the contribution of learning strategy and error
measures in explaining the change in episodic memory function (i.e.,
cvltSumZ). The measures were included in separate analyses in a
model controlling for cvltRe, age and sex.
RESULTS
Cross-sectional analyses -wave 1
Demographics, IQ and CVLT-II results. Table 1 presents the
means and standard deviations for age, years of education, intel-
lectual function and CVLT-II raw-scores in males (N = 52) and
females (N = 106). All sex-differences on demographic variables
were non-signiﬁcant in a series of t-tests comparing males and
females. The age-corrected IQ score and its subscores showed
means in the upper level of normal function, with no signiﬁcant
sex difference. At wave 1, the females obtained statistically sig-
niﬁcant higher scores on Learning (t = 5.6, p < 0.001), Recall
(t = 5.4, p < 0.001), but not Recognition (t = 1.5, ns). On the
measures of learning strategy, the females obtained a signiﬁ-
cantly higher (better) score on Semantic clustering (t = 2.4,
p = 0.019) and Consistency (t = 4.7, p < 0.001), but not on the
Primacy effect (t = 1.6, ns). The sex-difference was also statisti-
cally signiﬁcant for the False positive errors, t = 4.3, p > 0.001,
but not for Intrusions, t = 0.61, ns.
Primary memory measures
Regression models including age, sex and the interaction between
age and sex as dependent variables were statistically signiﬁcant
for Learning, Recall, but not for Recognition (Table 2). For
Learning the model showed a signiﬁcant effect of age (t = 4.15,
p < 0.001), sex (t = 2.21, p < 0.05), and the age:sex interaction
(t = 2.98, p < 0.01). For Recall there was a signiﬁcant effect of
age (t = 3.3, p < 0.001). Females showed a lower intercept and
less age-related decline than males: with Learning as a dependent
variable, the average loss was 0.07 units per year for females and
0.7 for males, with Recall the average loss per year was 0.1 units
for females and 0.3 for males (Table 2). The hierarchical model
showed a signiﬁcant effect of sex when controlling for age both
for Learning, F(1,155) = 33.2, p < 0.001, and Recall, F(1,155) =
33.3, p < 0.001.
The results for the composite score of episodic memory func-
tion (cvltSumZ) conﬁrmed the lower intercept for females than
males (p < 0.05) at reference age (65), and a steeper age-related
change for males (–0.15) than for females (–0.04). The regres-
sion line is illustrated in Fig. 1.
Among the learning strategy measures, the regression model
was statistically signiﬁcant for Consistency and Semantic cluster-
ing (Table 2), with females showing a lower intercept and a
lower age-related decline than males. The hierarchical models
showed statistically signiﬁcant effects of sex for both Semantic
clustering, F(1,155) = 5.3, p = 0.02 and Consistency, F(1,155) =
21.3, p > 0.001. For the error measures, the regression model
Table 2. Effects of age, sex and the age:sex interaction on CVLT-II
scores in wave 1
F-test p-value Adj.R2 I:Fa Agea Age:Fa
Learning 17.4 <0.001 0.25 –27.2 –0.66 0.59
Recall 14.8 <0.001 0.21 –7.0 –0.30 0.20
Recognition 1.7 0.18 0.01 –1.1 –0.03 0.02
CvltSumZ 16.7 <0.001 0.23 –4.5 –0.15 0.11
Semantic clustering 0.1 0.02 0.05 –2.1 0.07 0.05
Consistency 8.1 <0.001 0.12 –6.3 0.24 0.22
Primacy effect 1.0 0.41 0.00 –4.9 –0.01 –0.05
Intrusions 1.2 0.32 0.00 6.9 0.17 –0.12
False positives 8.6 <0.001 0.13 4.2 0.11 –0.10
Note: aEstimated unstandardized regression coefﬁcients: I:F = intercept
differences females versus males; Age = age-related change with males
as a reference; Age:F = the age-related effect for females added to the
age-related change with males as a reference.
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was only statistically signiﬁcant for False positive errors
(Table 2). The intercept was higher in females than males, with
a very small age-related change in females (0.01) compared to
the change in males (0.11).
Longitudinal analyses
Demographics and CVLT-II variables. There was a mean
follow-up time of 6.5 years (range = 5.2 –7.7 years) for partici-
pants included in the longitudinal analyzes, with a mean of
3.5 years (range = 2.8 – 4.7 years) between the ﬁrst two waves,
and 3 years (range 2 – 4 years) between Wave 2 and 3. The 23
participants who were lost to follow up for wave 3 were not
signiﬁcantly different on any of the demographic and CVLT-II
variables selected for the study. The changes in mean scores on
the composite measure of episodic memory function (cvltSumZ)
and all CVLT-II scores are shown in Table 3. The largest
change occurred between Wave 2 and Wave 3, where all except
the Recognition score were signiﬁcantly lower in the latter. From
the ﬁrst to the second wave, there was a signiﬁcant increase on
the Learning, the composite score cvltSumZ and the Semantic
Clustering scores.
The retest factor cvltRe showed a Kenward-Roger partial
F-value of 1.78 ( p = 0.18) for cvltSumZ, with a regression
weight of 0.37. This means that on average, the retest was 0.37
cvltSumZ units higher than the score in Wave 1.
The effect of age and sex on change in episodic memory
function
A linear mixed effects model (Table 4) including cvltRe, age, sex
and age:sex interaction as independent variables and the compos-
ite score cvltSumZ as dependent variable, showed a considerable
variation in estimated individual intercepts. The variance was
3.86 units change in cvltSumZ score, highlighting the need to take
individual differences into account in the model. The age-related
change in males was –0.14 units on the cvltSumZ score, with
females showing a somewhat lower change (–0.12). The AIC and
BIC showed the best model ﬁt when cvltRe, age and sex were
included, with no improvement of ﬁt by the age:sex interaction.
The Kenward-Roger partial F-test showed a signiﬁcant contribu-
tion from both age and sex, but the difference between age-
related change in males and females was far lower than in the
cross-sectional analyses (Table 4).
The linear mixed effects model computed separately for
Learning and Recall conﬁrmed the high variation in individual
intercept, with a variance of 54.4 and 18.4 units change, respec-
tively. Their model ﬁt was not increased by including the age:
sex interaction in the model, while the contribution from age
and sex was conﬁrmed by the Kenward-Roger partial F-test on
both variables. Although the age-related decline was steeper for
males than females (–0.52 and –0.30), it was not markedly dif-
ferent from the decline in females (–0.48 and –0.26, see
Table 4). The regression line is illustrated in Fig. 2.
Change in episodic memory function explained by learning
strategy and errors
In the next series of analyses we investigated the add-on effect
of information about learning strategy and errors in the third
wave in explaining the change in cvltSumZ score. Each measure
of learning strategy or errors from the third wave was included
as predictor in separate analyses after inclusion of cvltRe, age
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Fig. 1. The composite score cvltSumZ in males and females in the cross-
sectional analysis of wave 1 data with ﬁxed effects uncertainty.
Table 3. Means and standard deviations for CVLT-II raw-scores across the three waves, mean changes across waves and associated p-values from
paired t-tests
Wave 1 Wave 2 Wave 3
CVLT-II variables n = 126 n = 126 n = 103 t 1–2a p 1–2a t 2–3b p 2–3 b
Learning 52.9 (9.9) 55.6 (11.4) 52.9 (10.9) –3.5 < 0.001 5.5 < 0.001
Recall 23.8 (5.6) 24.4 (6.0) 21.7 (6.6) –1.4 0.1 7.8 < 0.001
Recognition 15.0 (1.2) 15.2 (1.1) 15.8 (1.2) –1.4 0.2 0.9 0.40
cvltSumZ 0.3 (2.5) 0.8 (2.8) –0.6 (2.9) –2.5 0.01 9.2 < 0.001
Semantic clustering 1.5 (2.0) 2.4 (2.7) 1.5 (5.7) –4.2 < 0.001 4.8 < 0.001
Consistency 85.0 (8.3) 85.0 (10.0) 83.0 (5.9) 1.5 0.14 –2.1 0.04
Primacy 29.6 (5.9) 28.7 (2.2) 29.4 (6.3) –0.2 0.80 2.9 0.01
Intrusions 4.6 (5.2) 4.1 (4.4) 6.3 (5.7) 0.9 0.40 –4.2 < 0.001
False Positives 2.0 (2.7) 1.7 (2.8) 3.3 (4.1) 1.5 0.10 -6.4 < 0.001
Note: at 1-2/p 1-2: t-test/p-value between score in Wave 1 and 2. b t 2-3/p 2-3: t-test/p-value between score in Wave 2 and 3.
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and sex. The improved model ﬁt was shown by a lower AIC or
BIC score than when only the three basic variables were con-
trolled for. The effects were, however, marginal for the Primacy
effect and Intrusions (Table 5). The Kenward-Roger partial
F-tests and the estimated regression weights showed strongest
effect for Semantic clustering, Consistency and False positive
errors. In the model adding Semantic clustering as a predictor,
the estimated age-related decline was 0.10 units of the cvltSumZ
score per year, and cvltSumZ was estimated to increase by 0.51
units for each additional unit of the Semantic clustering score.
The add-on effect of the Consistency score was 0.10 units per
year, and for each additional False Positive error, the cvltSumZ
was estimated to drop by 0.35 units. (Table 5).
DISCUSSION
Cross-sectional analyses of CVLT-II results in the current sam-
ple showed a higher function in females than males across all
ages, with a steeper age-related decline in males. This was found
on all primary measures of episodic memory function, the learn-
ing strategy measure of Consistency and the error measure from
the recognition trial (False positive errors). The main pattern of
age-related change was conﬁrmed by the longitudinal analyses,
but with a somewhat smaller age-related change and a much
lower difference between the two sexes. Finally, information
about learning strategy and accuracy in the third wave was
shown to add to the age-related change across the three study
waves. By using a statistical analysis taking both group mean,
individual differences and learning effect into account, the ﬁnd-
ings of the present study should give a valid estimate of change
in episodic memory function in a population of healthy middle-
aged and older adults. The impact of accuracy and learning
strategies on change from previous study waves should be con-
sidered by clinical neuropsychologist evaluating individuals
reporting that they already have experienced change in episodic
memory function.
Overall, the pattern of age-related change was conﬁrmed both
by the cross-sectional and longitudinal analyses, with a somewhat
lower change in the latter. A similar pattern of change was shown
for some of the measures of learning strategy and accuracy in the
cross-sectional analyses. However, the main contribution of the
present study was the results from the longitudinal analyses using
a mixed effects regression model, letting group effects be moder-
ated by individual differences and vice versa. By this, it should
give a reasonable estimate of age- and sex-related changes that
can be generalized to other groups of middle-aged and older par-
ticipants, although the relatively few males included in the study
may limit the power of the sex-related results. The importance of
using a mixed model was emphasized by detecting a substantial
variance in individual intercepts, meaning that a strong effect of
Table 4. Results from mixed effects regression analysis with Kenward-Roger partial F-tests and estimated regression coefﬁcients for the composite
episodic memory score (cvltSumZ), and the Learning and Recall scores
Dependent variables
the regression model AICa BICa F-test df1 df2 P-value I: Fb Ageb Age:Fb
cvltSumZ 1.28 –0.14 0.02
cvltRe 1582 1598 1.8 1 229.2 0.18
Age 1554 1574 31.4 1 173.2 < 0.001
Sex 1528 1551 31.8 1 123.7 < 0.001
Age:Sex 1530 1537 0.1 1 275.8 0.71
Learning 4.57 –0.52 0.06
cvltRe 2149 2164 0.1 1 229.5 0.76
Age 2603 2619 27.0 1 162.2 < 0.001
Sex 2556 2579 27.7 1 123.8 < 0.001
Age:sex 2558 2585 0.1 1 251.3 0.73
Recall 2.26 –0.30 0.04
CvltRe 2149 2164 3.1 1 229.2 0.08
Age 2124 2143 27.2 1 171.1 < 0.001
Sex 2098 2121 31.6 1 123.7 < 0.001
Age:sex 2099 2127 0.2 1 272.0 0.64
Note: aAIC = Akaike information criterion; BIC = Bayesian information criterion.
bEstimated regression coefﬁcients: I:F = intercept difference females vs. males; Age = age-related change with males as a reference; Age:F = the added
age-related effect for females to the age-related change with males as a reference.
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Fig. 2. The composite score cvltSumZ in males and females in the longi-
tudinal analysis with ﬁxed effects uncertainty.
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individual differences may well have inﬂuenced results from the
cross-sectional analyses. The inclusion of information about the
learning-effect in the statistical model was another important
aspect of the study, and may explain some differences between
our results and results in previous studies. The age-related change
in the present main longitudinal analysis was somewhat different
from the results in studies documenting a rather stable cognitive
function until the individual is more than 60 years old (e.g.,
(Nilsson, Sternang, Rønnlund & Nyberg, 2009; Rønnlund et al.,
2005; Schaie, 2005; Zelinski & Stewart, 1998). Interestingly,
some longitudinal studies have shown improvement in cognitive
function over time in middle-aged and older adults (e.g., Flicker,
Ferris & Reisberg, 1993). This was also found in the present
study, but was interpreted as an improvement due to repeated
assessment. We argue that the statistical procedure presented by
Ferrer et al. (2004) gave us a feasible alternative to more
resource intensive designs, such as inclusion of new samples
when the original longitudinal participants are tested at the sec-
ond time (e.g., Rønnlund et al., 2005) or by using long intervals
between test sessions (e.g., Rabbitt, Diggle, Smith, Holland &
Mc Innes, 2001).
Finally, the present study showed the importance of infor-
mation about learning strategy and accuracy in explaining
change across the three study waves. The results were con-
vincing by showing a high contribution from almost all
included variables. The strongest effect was found for number
of false positive errors on the recognition trial. This may be
related to what Schacter Koutstaal & Norman (1997) described
as a decline in how distinctly older people encode informa-
tion. It may also explain why errors on the recognition task
are more prominent than on the recall measures: answers on
the recognition trial rely highly on familiarity (see Martin-
Ordas & Call, 2013), giving the participants cues that are on
the top of what Stretch and Wixted (1998) referred to as a
‘strength-of-evidence axis’. When participants are uncertain
about an answer, but ﬁnd the word familiar, it may be tempt-
ing to give a positive rather than a negative answer. Although
age-related changes in learning strategy and accuracy may be
part of normal cognitive aging, the present study showed an
add-on effect: a less active learning strategy and a high
number of errors were related to a change in episodic memory
function that was more substantial than the change expected
from age and sex alone. In the present study we used infor-
mation about learning strategy and accuracy to explain change
from previous study waves, assuming that this may correspond
to the information obtained by a neuropsychologist evaluating
an individual who reports change in memory function. Future
studies of their value in predicting future decline are necessary
before concluding about its signiﬁcance as a symptom of a
neurodegenerative disorder.
There are several limitations to the present study. First of all,
the study has not included information about biological factors
of importance to cognitive change in samples of presumably
healthy individuals, for example, hormonal sex-differences
(Sherwin, 1998; Shaywitz, Shaywitz, Pugh et al., 1999), small
age-dependent vascular lesions (Papp, Kaplan, Springate et al.,
2013), genetic factors (Bender & Raz, 2012, Reinvang, Espeseth
& Westlye, 2013) and sensory problems (Rønnberg et al., 2011).
In addition, there are several other essential factors, which are
well described in cognitive reserve- (Stern, 2002, 2009), scaf-
folding (Park & Reuter-Lorenz, 2009) and brain maintenance
(Nyberg et al., 2012; Pudas, Persson, Josefsson, de Luna,
Nilsson & Nyberg, 2013) models of cognitive aging. The compos-
ite score of episodic memory function was calculated from sub-
tests from CVLT-II. Although this may restrict our conclusions to
results on CVLT-II, we will argue that it may also represent a
strength: the scores were expected to tap the same cognitive
domain and to have the same sensitivity and level of difﬁculty,
which may be difﬁcult to obtain when using tests from different
test-batteries and traditions. Although we showed that CVLT-II
was sensitive to age-related cognitive changes, information about
other aspects of memory function (see Wang, Li, Li & Zhang,
2013), attention and executive function (Reinvang, Deary, Fjell,
Steen, Espeseth & Parasuraman, 2010a, Reinvang et al. 2010b)
are of importance before concluding about cognitive change in an
individual. Finally, we used a linear regression model, which gave
us a good approximation of cognitive change. More complicated
regression models could be employed, for example by using qua-
dratic terms and splines. This would, however, require a larger
sample and should also include more waves.
Table 5. Contributions from learning strategy and errors to explain prior change in episodic memory function with Kenward-Roger partial F-test and
regression weights.
Predictor variables
the regression model AICa BICa F-test df2 p-value Ageb Addb t-testb
Learning strategy and errors
cvltRe 1377 1392 2.2 205.0 00.14
Age 1346 1365 34.6 144.8 < 0.001
Sex 1327 1349 23.5 100.1 < 0.001
Semantic clustering 1297 1323 38.5 100.0 < 0.001 –0.10 0.51 6.2
Consistency 1291 1318 46.3 99.8 < 0.001 –0.10 0.13 6.8
Primacy effect 1324 1351 4.4 99.7 0.04 –0.14 –0.07 –2.1
Intrusions 1322 1348 7.2 99.5 0.009 –0.14 –0.09 –2.7
False positive errors 1279 1305 68.1 100.3 < 0.001 –0.08 –0.35 –8.3
Note: aAIC = Akaike information criterion; BIC = Bayesian information criterion. **Regression weights. bAge = the regression weight estimate of Age;
**Add = the added regression weight estimate when cvltRe, age and sex were controlled for; **t-test: t-test for the estimate of the learning strategy and
error measures.
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CONCLUSIONS
The CVLT-II identiﬁed cognitive change in a sample of healthy
middle-aged and older individuals. The lower age-related change
and sex difference in the longitudinal than cross-sectional analy-
ses were probably related to using a linear mixed effects model
taking both individual and group factors into account. The add-
on value of information about learning strategy and accuracy in
explaining age-related change in episodic memory function
emphasizes the importance of taking such qualitative characteris-
tics into account when evaluating patients reporting cognitive
change. Assuming that these measures reﬂect abilities to associ-
ate and organize the words in the learning list, it is obvious that
aspects of attention and executive function are involved in the
observed cognitive change. Further longitudinal studies of larger
cohorts including a wide range of individual factors in a proper
statistical framework are thus warranted.
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